Real- time interaction analysis of Shiga toxins and membrane microdomains of primary human brain microvascular endothelial cells.
Infections of the human intestinal tract with enterohemorrhagic Escherichia coli (EHEC) result in massive extraintestinal complications due to translocation of EHEC-released Shiga toxins (Stxs) from the gut into the circulation. Stx-mediated damage of the cerebral microvasculature raises serious brain dysfunction being the most frequent cause of acute mortality in patients suffering from severe EHEC infections. Stx2a and Stx2e are associated with heavy and mild course of infection, respectively. Stx2a preferentially binds to globotriaosylceramide (Gb3Cer, Galα1-4Galβ1-4Glcβ1-1Cer), while Stx2e prefers globotetraosylceramide (Gb4Cer, GalNAcβ1-3Galα1-4Galβ1-4Glcβ1-1Cer). Both glycosphingolipids (GSLs) were detected in detergent-resistant membranes (DRMs) of primary human brain microvascular endothelial cells (pHBMECs) resembling microdomains of the plasma membrane. In this study we show that Gb3Cer and Gb4Cer of pHBMECs with saturated C16:0, C22:0, and C24:0 fatty acids dominated in DRMs, corresponding to the liquid-ordered membrane phase, whereas lipoforms carrying unsaturated C24:1 and C24:2 fatty acids prevailed in the nonDRM fractions, which correspond to the liquid-disordered membrane phase. Similarly, a shift of the phospholipids from saturated lipoforms in the DRM to unsaturated species in the nonDRM fractions was observed. Real-time biomolecular interaction analysis using affinity-purified Stx2a and Stx2e, recorded with a surface acoustic wave (SAW) biosensor, evidenced high binding strength of both toxins towards DRMs and failure in interaction with nonDRMs. These results support the hypothesis of preferential binding of Stxs towards microdomains harbouring GSL receptors carrying saturated fatty acids in their lipid anchors. Collectively, unravelling the precise mechanisms of Stx-microdomain interaction may help to develop antiadhesive compounds to combat Stx-mediated cellular injury.